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We have investigated the application of Monte Carlo significance tests to the verification of reference ranges in the context of the transfer of an established range from one laboratory to another. Here we present an introduction to the Monte Carlo technique, outline a procedure for performing these tests using a commercially available software program, and demonstrate some of the operating characteristics of the tests when they are used to compare samples of different sizes and variances.
Indexing Terms: hypothesis testing/statistics/reference inte,vals
The establishment of reference ranges is of critical importance to the laboratory scientist.
The ideal approach to this task calls for each laboratory to establish reference values locally by sampling healthy individuals from the population it serves. Although the theory and the methods that apply to this process are relatively straightforward (1) (2) (3) (4) , practical problems related to the definition of the reference population, the recruitment of sufficient numbers of subjects, the rigorous exclusion of disease or other conditions that might affect the analyte of interest, and the random and independent sampling of a population can easily compromise the final result. The many pitfalls and the considerable expense associated with the establishment of reference ranges has prompted many laboratories to "adopt" or "transfer" references values from the literature or from manufacturers' package inserts. In fact, the transfer of reference ranges for the same or an acceptably comparable analytical system probably accounts for most of the present reference interval assignments in clinical laboratories (4) . Standards in the recently enacted regulations (Clinical Laboratory Improvement Amendments of 1988) appear to allow for the transfer of reference ranges but clearly state that each laboratory must verify the appropriateness of its reference ranges, regardless of whether they were determined in-house or by a manufacturer (5) . The standards imply that, in either case, the laboratory must have data to demonstrate the applicability of a reference range to its own patient population.
Although statistical methods for the de novo establishment of reference ranges are well described (4, 6) , the application of statistics to verifying the appropriateness of a previously established range has received little attention.
If one assumes that the general approach to this problem would involve sampling a limited number 
General StatisticalTechniques

Results
The general approach to the application of a MC test to the verification of reference ranges is outlined in Table 1 . The null hypothesis of this MC test is that the test sample is a random sample from some defined population. Thus, the first step in the procedure is to define the population from which the simulated random samples are to be drawn. In the convention and terminology of the MC test, the term "population" refers to all of the observations in the reference sample rather than to the large group of individuals from which that reference sample was selected.
The 
Effect of N on the Power of the Test
The effect of the size of the test sample (N) on the ability of an MC test to discriminate between samples for which the value of DIFF is small was examined by sampling from a single reference sample at different values of N (Fig. 1). For a desired 
Effect of Variance of the Reference Sample on the Power of the Test
The critical value of a test statistic also depends on the within-group variability of the analyte in the reference sample. An example of the relationship between N and the CV of the reference sample is shown in Table 4 Tables 3 and 5 .
Comparisonsof Samples Based on MultipleTest Statistics
In All of the values of NGE for like-to-like comparisons (i.e., 60F vs 40F) gave nonsignificant P values for rejection of the null hypothesis.
NGE values for parameters of location in the like-to-unlike comparisons (60F to 40M, 60F to 20M, 20F) were all extreme-consistent with rejection at a high significance level in five of six cases (P <0.01) and at a low level in the sixth (P <0.10). Parameters of spread were much less effective in rejecting like-to-unlike comparisons. This might be expected, given that the variances of groups 60F, 40F, and 40M were similar. In contrast, group 20M, 20F had greater variance than did group 60 F, and this difference was reflected by a relatively low value of NGE (P <0.10) when the median absolute deviation was used to compare group 20M, 20F with the reference sample. This result suggests that MC tests based on median absolute deviation may be particularly useful in discriminating between samples with different variances. Because the ability of the MC test to discriminate differences between two samples also decreases as the intersample variability of the reference sample increases, it is not possible to specify a minimum sample size that will be appropriate for all comparisons.
Discussion
However, the value of an MC test statistic that leads to the rejection of the null hypothesis at a barely significant probability level (i.e., P = 0.049) is also an approximation of the maximum difference ( We are grateful to Dorothy Gargano for help in preparing the manuscript.
Appendix. Computer Techniques for Monte Carlo Sampling
We know of at least three alternatives for performing MC calculations of the type presented in this paper. The most convenient approach (and the one currently used in 
